T he first steps in the field of modern investigations of archaeometallurgy in eastern Serbia were made at the end of 1960s, when the earliest copper mine in this part of Europe was discovered. It could be concluded, on the basis of relevant absolute dates from the site of Dnevni Kop at Rudna Glava, near Majdanpek, that organised exploitation of raw mineral materials commenced during the Vin~a B phase, i.e. in the second half of the 6 th and the first half of the 5 th millennium BC (5400-5300/4650). 2 However, despite irrefutable evidence for prehistoric mining, with evidence of metallurgy at Plo~nik and Belovode, 3 actual finds of installations used in the process of copper ore smelting are still missing.
discovered in Zlotska Pe}ina, but, due to the disturbed stratigraphy, it was not possible to associate them stratigraphically to a distinct cultural horizon at this multicultural site, 5 while at the site of ^oka lu Bala{ pottery "pipes", assumed to have been used for injecting fresh air in the metallurgical furnaces, were discovered, 6 as well as pottery with traces of metallic slags.
In the last three decades, the collaboration between the Institute of Archaeology in Belgrade and the Museum of Mining and Metallurgy in Bor has resulted in the discovery of a certain number of settlements and necropolises in the immediate vicinity of Bor, dating from the Bronze Age. 7 After the most recent site survey and small-scale systematic excavations we have recorded 20 settlements and 4 necropolises in total (Map I). Metallic slags coming from most of these sites and samples from ore deposits have been analysed by experts from the Mining Institute and Technical Faculty in Bor in a few articles, which corroborate the claim regarding the existence of metallurgical activities in the Middle and Late Bronze Age communities of this region. 8 Metallic slags discovered in the cultural layers and on house floors (Trnjane) were also found in stone funerary structures as well as on the bones of deceased persons (Borsko Jezero and Hajdu~ka ^esma). 9
RESULTS OF ARCHAEOLOGICAL INVESTIGATIONS
The discovery of the new Bronze Age site in the vicinity of Bor happened by chance when Damnjan and Radovan Vasi} discovered a rather large quantity of prehistoric pottery and slag while constructing foundations in their garden at Banjsko Polje, in 2013. It is not very often the case that archaeologists are fortunate enough to be summoned by the owners of an estate where a site has been discovered and even to be offered all the necessary help. 10 It could easily be said that the investigation of that rare find of a prehistoric metallur-5 Kapuran i dr. 2014, 123-143. 6 Tylecote 1987 , Fig. 4.15. 7 Tasi} 1995 Kapuran 2014, Map. 13; Kapuran i dr. 2014, Map 4. 8 Bugarski et al. 1980; Bugarski et al. 1982; Bugarski, @ivko-vi} 1984 Bugarski, @ivko-vi} -1986 Kraj~inovi} et al. 1995; Jankovi} et al. 1987 Jankovi} et al. -1990 9 Jovanovi}, Jankovi} 1987 -1990 Kapuran, Miladinovi}-Radmilovi} 2011. 10 Investigations were carried out by The Museum of Mining and Metallurgy in Bor in cooperation with The Institute of Archaeology in Belgrade. Members of the team were I. Jovanovi}, M. Jov~i} and A. Kapuran.
Map 1. Distribution of the Bronze Age sites between Bor and Zaje~ar

Karta 1. Distribucija lokaliteta iz bronzanog doba izme|u Bora i Zaje~ara
gical installation was realised mostly thanks to the Vasi} family and the understanding of the Bor municipality. 11 An identical situation arose once again after the second year of investigations at Banjsko Polje, when the architect Sladjan Jorgovanovi} invited archaeologists to explore the grounds of his family house, around 100 meters from the Vasi} estate. On that occasion the remains of yet another metallurgical structure were encountered ( fig. 1 ). The analyses of the topography and stratigraphic situation made possible a more precise reconstruction of the metallurgical complex, which existed in the Bronze Age on the south-eastern fringes of Banjsko Polje.
Ru`ana is the name of a brook flowing some 1000 meters eastward of the site, and it empties into the Brestova~ka river a short distance further on. Ru`ana, in the Wallachian language, means, among other things, "rust" and it could indicate that large quantities of slag with a considerable amount of iron oxide, which is characteristic of the Bronze Age, could have been found on its banks in the distant past. The topography of Banjsko Polje reveals that, in the very centre of the settlement, there is a natural elevation with a levelled top, where fragments of antique and prehistoric pottery can be found, even today. Such a position and the discovery of prehistoric pottery suggest, with some certainty, that there was a prehistoric settlement of the hill fort type. Such settlements are, however, not frequent in the region of north-eastern Serbia. This elevation has only been surveyed so far and planned future archaeological investigations should confirm whether there are grounds for further assumptions regarding the hill fort settlement. In case that such a hill fort settlement had existed, it would be justified to claim that metallurgical activities took place outside the fort, i.e., on the steep right bank of the dried up brook flowing at its foothill. Eibner thinks that copper smelteries in prehistory were usually situated on land with a stepped relief structure, near a waterway, with deposits of good quality clay and areas suitable for the production of charcoal. 12 11 Kapuran, Jovanovi} 2013. 12 Eibner 1982, 404. fig. 1 ). The problem was the fact that, after every stage of excavation, the investigated area had to be backfilled. As the investigated area expanded after each new campaign it resulted in the formation of a final picture of the metallurgical structure in the three segments. Investigations at Ru`ana 1 yielded a rather small quantity of finds from the Late Roman time (4 th century AD) and Late Iron Age (La Tène) and more finds from the Early Iron Age (Zlot group and Basarabi) and Middle/Late Bronze Age (Para}in culture/Verbicioara). 13 The stratigraphy of the site is the consequence of the natural slope of the land from west to east, resulting in a secondary accumulation of finds which came from the mentioned elevated area in the centre of Banjsko Polje ( fig. 7a ). The stratigraphy consists of one older intact layer and two later cultural horizons ( fig. 4) . A considerable quantity of material from the Late Roman times (very small fragments of the wheel-made pottery and a few bronze coins, one of which was minted in the time of Licinius) was recorded in a horizon immediately below the surface, while pottery finds from the Early Iron Age (in fact in the same proportion as the pottery from the Bronze Age) prevailed in the lower cultural layer. The only undisturbed cultural layer was on top of the virgin soil, where large fragments of pottery exclusively of the Bronze Age date, a rather small amount of animal bones and a large quantity of metallic slag were encountered. The greatest slag concentration (over 10 kg) was lying in situ at the lowest points of the excavated area. All three cultural layers yielded, more or less, metallic slag and fragments of mudhouse rubble and furnace walls. Characteristic of those finds is that they were exposed to high temperature (they are of a hard structure and compact) and certain round moulded pieces, whose edges were sintered as a result of very high temperature, might have been fragments of the furnace opening. The total investigated surface is 39 square meters and consists of three entities, the upper platform, the lower platform and the steep slope between them (figs. 6 and 7a). The metallurgical structure consists of a furnace floor of an approximately horseshoe shape (burnt soil with traces of intensive fire) and, at its foot, slag deposit, which is located opposite the assumed furnace opening (figs. 6 and 7b). The re-STARINAR LXVI/2016 176 13 The problem of the cultural determination of the Bronze Age communities in the Timok basin dates from the 1980s and 1990s when disagreements arose concerning the origin of prehistoric cultures inhabiting the middle Crni Timok basin. While B. Jovanovi} attributed settlements and necropoleis in the vicinity of Bor to the Para}in culture, D. Srejovi} and M. Lazi}, after investigations at Magura and Banjska Stena near Gamzigrad, came to the conclusion that it is an original cultural phenomenon, which they identified as Gamzigrad culture. We are of the opinion that without a series of absolute dates from the sites in the vicinity of Zaje~ar and Bor, more detailed anthropological analyses of cremated individuals and an insight into all aspects of material culture and mortuary rituals, as well as the complete publishing of the results of the systematic investigations from the recent past, neither of the suggested solutions should be rejected. Jovanovi}, Jankovi} 1987 -1990 Srejovi}, Lazi} 1997; Lazi} 1998; Kapuran 2010. 14 Jovanovi}, Jankovi} 1987 -1990 Bulatovi} i dr. 2011. 16 Kapuran 2013.
Fig. 2. Pyraunos with traces of the slag
Sl. 2. Fragment saxaka sa metali~nom {qakom
Fig. 3. Slag from slagpit in Trench 3
Sl. 3. [qaka iz troski{ta u sondi 3
covered furnace segment is around 1 metre long, its opening is facing north and its walls are encountered only at the foundation level, because all the surrounding area had been exposed to strong erosion. Fragmented animal bones that are assumed, judging by their light blue colour and fissures, to have been exposed to exceptionally high temperatures, over 1,000 degrees C, were discovered in situ on the furnace floor. Scattered pottery vessels which, according to their shape and decoration, date from the Bronze Age, were discovered all over the area surrounding the furnace floor. Particularly interesting among them is one biconical beaker with a strap handle (Plate 2/7). A considerable portion of the Bronze Age pottery assemblage consists of fragments of cooking vessels, double vessels with openings for the inflow of air (pyraunos), for which B. Jovanovi} and N. Jankovi} assumed played a part in the process of heating ore. 14 Metallic slag with a high concentration of iron oxide was found attached to one fragment of the pyraunos rim ( fig. 2) . The chronologically latest pottery discovered at the site of Ru`ana 1 included wheel-made vessels, some of which were decorated with wavy lines and dated to the Late Roman period (Plate 1/1), situla-type pots with combed ornamentation characteristic of the Late Iron Age (Plate 1/2) 15 and thickened rims of rather large vessels decorated with engraved cross-like motifs that are, in eastern Serbia, related to the Zlot group (Plate 1/3, 4). 16 The Early Iron Age is represented by channelled bowls with inverted or everted rims, beakers, pots and amphorae decorated with a series of "S" stamps, pseudo-cord ornamentation and white encrustation (Plate 1/5-12) that have their closest analogies in the Basarabi culture group. Finds from the Bronze Age reveal characteristics of the Para}in group with certain elements of the Verbicioara and Vatin group. These are mostly conical bowls with slanting everted rims decorated with horn-like appliqués (Plate 2/1-3), biconical pots and beakers with wide strap handles, some of which are decorated with protomes (Plate 2/6,7). Vessels for
Fig. 4. Trench 3 Eastern Profile
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Sl. 5. @ivotiwske kosti obojene zelenom bojom malahita food storage are rather large-size pots and pithoi with a more or less pronounced "S" profile and decorated with applied bands with engravings and impressed ornaments (Plate 3). There were many vessels of the pyraunos type, which have already been mentioned (Plate 4).
As already highlighted, lumps of metallic slag were recorded in all three cultural horizons, but were of a smaller size in the upper accumulated horizons, while for the undisturbed Bronze Age horizon there are characteristically larger pieces, some weighing up to 3 kg ( fig. 3) . The shapes of the slag lumps are different as a result of there being amorphous slag, bowl slag ( fig. 3 ) and tap slag. 17 The greatest concentration of slag was lying on the floor of the lower platform, directly on top of the layer of red-burnt soil with large quantities of soot and ash, so it is most logical to assume that it was slag deposit ( fig. 7 ). This deposit of slag, ash and soot was recorded in the east profile of trench 3 as a small protrusion of grey-brown earth with the addition of red-fired soil and with secondary deposits of pottery and animal bones (fig. 4) . Particularly interesting was the green colour on animal bones discovered in this deposit. These osteological finds have been examined so far by zooarchaeologists in order to determine the animal species, but functional analyses have not yet been performed in order to confirm or refute their role in the metallurgical process (cutting up the ore, slag etc.) ( fig. 5) . Preliminary zooarchaeological analysis of the bones from the slag deposit reveals that the animals in question are deer and roebuck. Also identified were bones of domesticated animals such as cattle, pig, sheep or goat. 18 The raising of pigs particularly speaks in favour of the fact that metallurgical communities in the vicinity of Bor in the Bronze Age were of a sedentary character, considering that pig raising does not imply seasonal migrations. 19 Rather interesting among other finds which could be associated with the process of metallurgy is the large quantity of small stone objects, which could fit into the hand and, at first glance, resemble pounders. 20 Although they are heavily damaged in most cases, we cannot be certain that they played any part in the metallurgy process before functional analysis has been performed. Besides the mentioned stones, many fragment- [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] [183] [184] [185] [186] [187] [188] [189] [190] [191] ed rather large stones of a hemispherical cross section with a large cavity on the flat surface were also discovered. Traces of deformations noticed on these stones are assumed to have resulted from secondary burning and traces of oxidation were also recorded. 21 Nevertheless, as in the previous case, we should not enter into a discussion about their function before detailed analyses of these finds have been carried out.
Ru`ana 2 is the site situated in the courtyard of the Jorgovanovi} family, also in Banjsko Polje, and rather small-scale systematic investigations were carried out there in July 2015. 22 In Trench 2 (covering 22 square meters) the stratigraphic picture was different than at the site of Ru`ana 1. The land is gently sloping and the stratigraphy consists of the surface layer, then an accumulated layer with mixed material originating from many different cultures and, finally, an intact cultural horizon (above the virgin soil) yielding finds exclusively from the Bronze Age. One shallow pit with metal and pottery finds dates from the Late Roman period and also included a small number of pottery fragments. Most interesting of the metal finds are an iron knife and a fragmented iron sickle. Pottery finds of prehistoric provenance do not differ much from the site at Ru`ana 1, but the Late Iron Age finds were completely missing. A large number of channelled bowls with an inverted rim decorated with engraving and a white encrustation comes from the Early Iron Age, i.e. the Basarabi culture (Plate 5/3). Interesting among the Bronze Age finds is pottery of the Vatin characteristics, including mainly carinated conical bowls with horn-like protomes (Plate 5/4,5) and also biconical beakers with wide strap handles (Plate 5/6,7). Vessels for storing food are of larger size and decorated with finger impressions and applied bands with engraved ornamentation (Plate 5/8,9). A rather large amount of vessels of the pyraunos type, decorated with engraving and applied bands, have also been recorded at the site of Ru`ana 2 (Plate 5/10). KAPURAN 22 We take this opportunity to express our thanks to family Jorgovanovi} who helped us in realization of the investigations in 2015.
Fig. 7. a) Configuration of the Ru`ana 1 site; b) Ideal reconstruction of the copper smelting object
Sl. 7. a) Konfiguracija terena na lokalitetu Ru`ana 1; b) idealna rekonstrukcija objekta za topqewe bakra
Crucial evidence for the metallurgical activities, besides the many finds of slag in the cultural horizons, was one fairly large segment of the floor of the metallurgical furnace. The foundation of the floor was made of Bronze Age pottery and small pieces of broken stone and immediately next to it, at the same level as its edge, were a few pieces of tap slag ( fig. 8) . Detailed physicochemical analyses of the floor and slag lumps have not been performed so far, but considering the fact that this floor of most probably metallurgical furnace must have slid from the higher ground due to erosion, we should not perhaps neglect the possibility that furnace might date from some later period also recorded at this site (possibly the Iron Age?).
PHYSICOCHEMICAL ANALYSES OF SLAGS
The analyses of the discovered slags were performed on two sources working independently from one another. Preliminary analysis of finds from the first investigation season in 2014 was carried out by Nikola Vukovi}, from the Faculty of Mining and Geology in Belgrade, using a scanning electron microscope (SEM). 23 He analysed a slag sample from Trench 3 at the site of Ru`ana 1 (diagram 1).
Analyses of slag from the same group from the site Ru`ana 1were also performed by Dr. Jovica Stojanovi}, from the Laboratory of the Institute for Technology of Nuclear and Other Mineral Raw Materials, using Roentgen diffractometry. 24 This method was used to examine Table 2 in percentages, but it should be emphasised that it is not possible to determine the content of oxygen using this method. It is also important to mention that the absence of fayalite, i.e. its low crystallisation in the quoted diagrams should be understood as being the consequence of the high viscosity and faster cooling of the slag which, in this case, fell to the ground.
The physicochemical composition of the slags from Ru`ana 1 indicates that these were prehistoric slags originating from the process of non-ferrous metallurgy. The appearance of FeO and SiO 2 suggests that these were fayalite or iron-silicate slags. 25 According to the proportion of the identified components, they are most similar to the slags discovered at the site of Trnjane (Map 1) that Jankovi}, Bugarski and Janji} analysed using atomic absorption spectrophotometry. 26 Also, certain slags discovered at many prehistoric sites throughout Europe (in Spain, Austria, Italy and Cyprus) revealed a similar composition. 27 In the prehistoric slags dating from the Eneolithic and Bronze Age, a smaller proportion of copper (Cu) has been identified, which could be explained by the fact that, after cooling, copper had been additionally separated by choppingthe slag up. There are assumptions that sulphide copper ore was, before smelting, additionally roasting in the open air 28 or in special vessels (pyraunos). 29 A higher proportion of Cu in relation to S (10 :1) in slags is obtained by oxide smelting, while incidence of iron, olivine and magnetite in all cases of copper slags is proportionally much higher in comparison to other elements and compounds. The occurrence of admixtures of iron and other metals in the prehistoric slags from Ru`ana, as well as the 23 SEM model JEOL JSM 6610LV, connected with the energy dispersive spectrometer (EDS) produced by Oxford Instruments Xmax 20 mm² SDD. EDS analyses were obtained at an electron acceleration of 20 kV from a wolfram filament. The test was performed under low vacuum conditions (30 Pa), so the covering of the samples with a layer of conductors (C, Au and the like) was avoided.
24 Samples were analysed by Roentgen diffractometry using "PHILIPS" equipment, model PW-1710, with a curved graphite monocromator and a scintilation counter. Intensity of the difracted CuKa Roentgen radiation (l=1.54178A), measured at room temperature in the intervals 0,02 °2q at a time of 1 s, and within a range of 4 ° to 65 °2q. The Roentgen tube was under the voltage of 40 kV and a current of 30 mA, while slits for the direction of the primary and difractional beam were 1° and 0.1 mm.
25 Tylecote 1987 , 293, 300. 26 Jankovi} et al. 1987 -1990 . 27 Tylecote 1987 , T. 8.6. 28 Eibner 1982 , Abb. 2. 29 Jankovi} et al. 1987 -1990 . The results of the SEM analyses, when compared with modern slag obtained from the Mining and Smelting Basin at Bor (Table 1) , indicate the absence of a catalyst, such as limestone (CaCO 3 ), and could suggest that in the case of slag deposits at Ru`ana 1 it was a primitive process of ore smelting. The conspicuously high loss of copper of almost 15% of its content corresponds in modern circumstances to converter slags rather than slags obtained by direct ore smelting. It suggests that it is less probable that slag from Ru`ana 1 results from smelting copper ore, rather it was most probably a byproduct of refining already obtained copper. 31 Such claims remain to be additionally investigated and documented using more concrete finds, like moulds for metal objects or ingots and vessels for pouring metal, or metal moulds that have not been encountered at this stage of investigation. Iz saradwe Arheolo{kog instituta u Beogradu i Muzejakoza. Uzgajawe sviwa ide naro~ito u prilog ~iwenici da su metalur{ke zajednice bronzanog doba u okolini Bora ipak bile sedentarnog karaktera, s obzirom na to da se uzgoj sviwa ne mo`e povezati sa sezonskim migracijama. Od ostalih nalaza mo`emo pomenuti profilisani sinterovani lep koji je mogao da predstavqa delove pe}i, brojne rastira~e od kamena, masivne kamene podloge za mrvqewe rude ili {qake itd.
Ru`ana 2 predstavqa lokalitet koji se nalazi u dvori{tu ku}e porodice Jorgovanovi}, tako|e iz Bawskog Poqa, na kome su izvr{ena mawa sistematska istra`ivawa tokom jula 2015. godine. 3 U sondi 2 (povr{ine 22 m²) konstatovana je druga~ija stratigrafska situacija nego na lokalitetu Ru`ana 1. Stratigrafiju ~ine povr{inski sloj, zatim naslojavawe sa pome{anim nalazima vi{e kultura i, na kraju, intaktni kulturni horizont, sa nalazima iskqu~ivo iz bronzanog doba, koji le`i na zdravici. Korpus kerami~-kih nalaza iz praistorije se ne razlikuje mnogo od lokaliteta Ru`ana 1, osim {to nedostaju nalazi iz mla|eg gvozdenog doba. Starijem gvozdenom dobu, odnosno kulturi Basarabi, pripada ve}i broj kanelovanih zdela sa uvu~e-nim obodom, ukra{enih urezivawem i belom inkrustacijom (tabla 5/3). U nalaze bronzanog doba sa karakteristikama Vatina spadaju prvenstveno koni~ne zdele sa o{tro profilisanim obodima i ro`astim protomima (tabla 5/3, 4), kao i bikoni~ni pehari sa {irokim trakastim dr{ka-ma (tabla 5/5, 6). Posu|e za skladi{tewe namirnica je ve}ih dimenzija, a ukra{eno je utiskivawem prstom i apliciranim trakama sa urezanim ornamentom (tabla 5/7, 8) . I na lokalitetu Ru`ana 2 je konstatovano vi{e nalaza Pyraunosa koji su ukra{eni urezivawem i apliciranim trakama (tabla 5/9). Pored vi{e nalaza {qake u kulturnim horizontima, kao kqu~ni dokaz metalur{kih aktivnosti svedo~i ve}i deo podnice jedne metalur{ke pe}i. Podnica je fundirana keramikom iz bronzanog doba i sitnijim lomqenim kamenom, a neposredno uz wen obod i u wegovom nivou le`alo je nekoliko zaravwenih komada {qake tipa tap slag (sl. 9).
Rezultati rendgenske difrakcije i SEM analiza upore|eni sa modernom {qakom dobijenom iz Rudarsko-topioni~arskog basena Bor (tabele 1 i 2, dijagrami 1-3) ukazuju na to da se u slu~aju troski{ta na Ru`ani 1 radilo o primitivnom procesu topqewa rude bakra, odnosno obojenoj metalurgiji. To mo`e da zna~i da je mawe verovatno da je {qaka sa Ru`ane 1 dobijana topqewem bakarne rude i da pre mo`e da predstavqa nusproizvod rafinacije dobijenog bakra. Indicije za pretpostavku da se u ovom slu~aju, mo`da, radi i o nusproizvodu rafinacije dobijenog bakra, koje su tako|e u opticaju, ostaju da se dodatno ispitaju i dokumentuju konkretnim nalazima, poput kalupa za metalne predmete ili ingote, kao i posuda za izlivawe metala ili kokila, budu}i da oni u ovoj fazi istra`ivawa nisu konstatovani.
